At present, there are some problems in the management of instruments, such as low efficiency of the management, lacking of the real-time information about instruments status, etc.. To solve these problems, an Instrument Management Information System (MIS) based on RFID (Radio Frequency Identification) and ontology is proposed in this paper. Through validation, the efficiency will be improved, the real-time information will be available and suggestions will be given when making decisions.
Introduction
The instruments in research institutions or manufacturing companies tend to be expensive and some would be borrowed or tested frequently. Instrument management methods with barcode or paper documents have drawbacks, such as low efficiency, lacking of the real-time information and missing of instruments.
This paper presents an instrument management method that can overcome the existing drawbacks, improve utilization rate of instruments and help make decisions in different processes, namely instrument borrowing, test interval determining and instrument repairing.
The RFID reader can read multiple RFID tags which are used as the identifications of instruments without contact. With the implementation of RFID technology, the efficiency and the accuracy of instrument management, such as the procedures of inventory and access management, can be improved.
Ontology is a shared formalization description for important concepts in specific areas [1] . It can realize the integration of heterogeneous data and eliminate ambiguity of concept expression [2] . The use of ontologies is one of the most promising approaches to handle interoperability issues [3] . To ensure the interoperability between the RFID-based system and the former system, the reuse of data and the decision making for instrument management, the ontological model and the rules are created.
The paper is structured as follows: The overall framework and main functions are introduced in Section 2. An ontology and the method to integrate different systems are presented in Section 3. The rules and the decisions are provided in Section 4. Validation of this system is given in Section 5. Conclusions are presented in final Section.
Overall Framework and Main Functions
As shown in Figure 1 , the instrument management system based on RFID consists of seven layers. Data acquiring layer can collect the data of RFID tags and the other data input by system users. Data transmission layer transfers the data to next layer. Data interpreting layer interprets the data and then sends it to semantic layer to generate ontology instances. Semantic layer includes the ontological model and the ontology instance generation module. Data storage layer includes the database of the system and the case library. Decision layer is mainly made up of the RBR (Rule Based Reasoning) decision module and the CBR (Case Based Reasoning) decision module. Application layer is mainly used for display and operation. Figure 1 . Framework of the system. Figure 2 , the main functions include user management, RFID tag management, instrument management, data statistics and information query. User management consists of user information management and division of authority. RFID tag management includes the writing of instrument tag and user tag. Instrument management consists of instrument information management, borrowing and returning, inventory, access management, testing, repairing and disposal. Statistics and information query function can realize the query of real-time information or historical information and the data statistics. 
As shown in

Ontological Model Development and Integration of Different Systems
To develop the domain ontology we followed the main steps of the ontology development process, namely definition of domain, identification of concepts, establishment of conceptual model and development of ontology [4] . Figure 3 shows the developed ontology using the Protégé ontology editor [5] . Figure 4 illustrates how to integrate different sources of data. Both the two systems retain different structured data about the same concepts of instrument and person. Links can be made between the data sets using subject-object-predicate relationships [6] . Thus the integration of different systems and heterogeneous data can be realized. It makes the test system, the person management system and the data available when using the new system. 
Rules and decisions
To recommend the most suitable instruments to the borrower, we set some rules, considering the status of the instrument, the time span it can be used and which department it belongs to. The followings are the detail rules and related explanations:
At the beginning, we think the instrument can be borrowed. 2 : repairedBy(X,Y)⇒¬borrowable(X) 3 : scrappedBy(X,Y)⇒¬borrowable(X) 4 : borrowedBy(X,Y)⇒¬borrowable(X) When the instrument is being repaired, scrapped or borrowed out now, it cannot be borrowed. 5 : testDate(X,Y),testInterval(X,Z)⇒nextTestDate(X,Y+Z) The next test date equals to the sum of last test date and the interval of test. 6 :nextTestDate(X,Y),currentDate(X,Z),Y-Z<2⇒¬borrowable(X) 7 :nextTestDate(X,Y),currentDate(X,Z),usingMaxTerm(X,M),2≤Y-Z<M⇒usingTerm(X,Y-Z) 8 :nextTestDate(X,Y),currentDate(X,Z),usingMaxTerm(X,M),Y-Z≥M⇒usingTerm(X,M) Calculate the difference between next test date and current date. When the value of the difference is less than two days, the instrument cannot be borrowed. When the value of the difference is more than two days and less than the maximum allowed using time span, it can be borrowed for the time of the difference. When the value of the difference the difference is more than the maximum allowed using time span, it can be borrowed for the time of the maximum allowed using time span. 9 :borrowable(X)⇒longestTerm(X)
The instrument that can be borrowed is considered to have the longest using time span among all the instruments at present. 10 :usingTerm(X,Z),usingTerm(Y,A),Z<A⇒¬longestTerm(X)
The allowed using time of the instrument isn't the longest, when it is lesser than another.
11 :longestTerm(X)⇒ borrowRecommand(X) Plan to recommend the instrument has the longest using time span.
12 :ownedBy(X,Y),workIn(P,Z),Y=Z⇒sameDepartment(X,P) 13 :ownedBy(X,Y),workIn(P,Z),Y≠Z⇒¬sameDepartment(X,P) Judge whether the instrument and the borrower belong to the same department.
14 :longestTerm(X),¬sameDepartment(X,P),longestTerm(Y),sameDepartment(Y,P)⇒ ¬borrowRecommand(X) Among the instruments which have the longest using time span, if there is an instrument belongs to the same department of the borrower, then do not recommend the instrument in another department.
2 , 3 , 4 , 6 ,> 1 ; 6 , 7 , 8 > 5 ； 10 > 9 ； 14 > 11 , 12 , 13 . Rule 2, rule 3, rule 4 and rule 6 prior to rule 1. Rule 6, rule 7, rule 8 prior to rule 9. Rule 10 prior to rule 9. Rule 14 prior to rule 11, rule 12 and rule 13. This paper proposes a way that can determine the test interval, considering the price of the instruments, former test interval, requirement of safety and performance and the probability of failure. It is more reasonable than the test interval never change after it was set or the same test interval set for different kinds of instruments.
Two parameters are used to represent the price factor and the safety and performance requirement factor separately. Their values range is 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 and 0.9. Higher the price or requirement of safety and performance, larger the corresponding parameter will be.
When an instrument has been used for some years, its posterior probability of failure P( |D) can be calculated by Bayes' theorem, which takes the form 
0 is the former test interval when it exists. Otherwise, 0 will be set. The value of k should make the ratio of L and 0 is reasonable. P, R are the parameters of price and the requirement of safety and performance. a, b and c are the weights corresponds to P, R and P( |D) respectively. Generally, c has a larger value than a and b so that the range of test interval can be greater according to different probability of failure.
The information of the instruments which were damaged is stored in the case library, including phenomenon, reason, fault source and repair method. It can help diagnose the failure of instruments by retrieving the most similar case of this type of instruments according to the phenomenon. If it matches exactly, the same repair method of the case can be adopted. If not, the case also can be taken as a reference. At last, the new information of the failure instrument will be stored in the case library.
Validation of the System
As Figure 5 shows, after selecting the department and the forecast time, the instruments which needed to be tested in the department will be listed in the interface. In Figure 6 , after selecting the query field and entering the query context, the instruments which can be borrowed will be listed and the most suitable instruments will be recommended in the front. 
Summary
A method of instrument management based on RFID and ontology is discussed in this paper. The accurate real-time information of the instruments is available and the efficiency of the management will be improved through this method. Besides, it is helpful for decision making of borrowing, testing and repairing. 
